[PE CUONG CHUONG TRINH PAI HOC]

BAI TAP LON

TINH TOAN THIET BI TRAO POI NHIET GIAN TIEP

PE SO: 30

Pun néng dung dich: CS,— CCl, bang thiét bi gia nhiét loai dng chum dat thang dung véi:
e Ning suat cta thiét b : 1,5 kg/s.
e Dung hoi nudc bao hoa lam chét tai nhiét c6 ap suét : 1,6 at.

e Dung dich dugc dun ndng tir nhiét d6 ban dau 20°C dén nhiét 46 cudi 60°C. Nong do cua
dung dich gdm 35% khéi luong 1a CS, va 65% khéi luong 1a CCl,

Yéu cdu:

1. V& so dd cdu tao va giai thich nguyén tic 1am viéc cta thiét bi trao d6i nhiét gian tiép loai
6ng chum dat thang ding.

2. Hay xéc dinh:
e Bé mit trao d6i nhiét.
e S bng truyén nhiét.

e Duong kinh va chiéu cao cua thiét bi.

MUC LUC
I11. THUYET MINH QUY TRINH CONG NGHE:

Nguyén ligu du tién 1a NaCl c6 nong do 28%, nhiét d 25°C dugc bom tir bon chira vao thiét
bi gia nhiét véi suat luong 5,5 kg/s dé gia nhiét 1én den nhiét do soi la 100°C.
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* Thiét bi gia nhiét Ia thiét bi trao do nhiét dang dng chiim. Than hinh try, dat ding, bén trong
gom nhleu 6ng nho, duoc b tri theo dinh hinh tam gidc déu. Cac dau dng duoc gitr chat trén vi
6ng va vi dng dugc han dinh vao than. Hoi nudc bao hoa c6 ap suit 5 at di bén ngoai dng (phia
v6). Dung dich duoc bom vao thiét bi, di bén trong 6ng, tir dudi di 1én. Hoi nudc béo hoa sé
ngung tu trén cac bé mat ngoai cua éng va cap nhiét cho dung dich nang nhiét @6 caa dung dich
1én dén nhiét do soi.

Dung dich sau khi duoc gia nhiét, s& duoc dua vao thiét bi c6 dic, gdm c6 3 phan chinh.

* Budng ddt: B phan nhan nhiét 1a dan dng, gdm nhiéu éng nho, dugc b tri theo dinh hinh
tam gidc déu, cac dau 6ng duoc giit chit trén vi dng. Trong do, hoi débt s€ ngung tu bén ngoai
6ng va s& nha nhigt, truyen nhiét cho dung dich chuyen dong bén trong 6ng. Dung dich di bén
trong ong tu trén XUong va s& nhan nhiét do hoi a6t ngung tu cung CAp VA s& soi, lam hoa hoi
mot phan dung méi. Piéu kién can thiét dé qua trinh truyén nhiét xay ra la phai c6 su chénh
léch nhiét do gitra hoi d6t va dung dich.

Hon hop hoi 16ng di qua khoi dan éng dén budng béc.

KET LUAN
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A.LY THUYET

I. CAUTAO VA NGUYEN LY LAM VIEC
Thiét b trao doi nhiét loai dng chum duogc sir dung rong rii trong cong nghiép Hoa- Thyc pham.
Thiét bi nay chi 1am viéc 6n dinh khi chénh 1éch nhiét d6 giira vo thiét bi va dng At < 50°C. Néu At >
50°C, phai tim cach bu lai sy gidn nd khong déu bang cach dung vong bu khi ap suit 1am viéc P > 3,5
atm; dan dai > 10-15mm.

Trong bai tdp nay khong phai st dung vong bu nhiét.

1. Cautao:

e GOm c6 v6 hinh try, hai dau han hai luéi d& éng, cac dng truyén nhiét 5 dugc ghép chic,
kin vao ludi ong. bay va nép nbi voi vo bang mat bich c6 buldng ghép chic. Trén vo,
nap va day co ctra ( 6ng noi ) dé dan chat tai nhiét. Thiét bi dugc cai dat trén gia do bang
tai treo han vao vo. Cac 6ng lap trén ludi 6ng can phai kin bang cach nong hodc han, doi
khi nguoi ta con dung dém dé ghép kin.

ﬁII

[ E]

1- Thén thiét bi

2- Naip trén

3- Day duoi

4- Mat bich va bu long

5- Ong truyén nhiét

6+7- Lurdi do ong

8- Tai do

Nguyén Quang Hung MSSV: 20091377
Lép KTHH4-K54



[PE CUONG CHUONG TRINH PAI HOC]

e Céc Ong trao d6i nhiét bén trong c6 thé b tri theo hinh luc gidc déu, hinh tron dong tam,
hinh vuong.

A AW aat

LT EER TR T Ty

Hinh 2.27. C4ch b3 tri 6ng:
a- x&p theo hinh sau canh; b - x&p theo
hinh-trén; c- xép theo hinh vuéng

2. Nguyén ly lam viéc

Luu thé Il ( CS, — CCl, ) di tir dudi day qua cac ong 1én trén va ra khoi thiét bi, con luu thé |
(hoi nudc bao hoa ) di vao tir ctra trai ciia vo vao khoang trong gitra cac ong va vo, sau khi trao doi
nhiét ¢ than (hoi nudc bao hoa truyén nhiét cho hon hop) ro1 di ra phia dudi bén phai.

II. U, NHU°O'C PIEM VA NG DUNG
1. Uu diém:
e Két cAu ngin gon, chic chan.
e (Cong nghé ché tao khong phirc tap.
e B& mit truyén nhiét 1on.
e D& vé sinh, stra chira.

2. Nhwoc diém:
e Kho ché tao béng vat liéu don
e Giathanh cao
3. U'ng dung:
e Lam binh ngung tu va hoi moi chat.
e Lam binh bdc hoi cho may lanh
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e Lam binh qua lanh

B. TINH TOAN
Chon thong s6 k¥ thut:
e Chon vat liéu thép CTs.
e Chiéu cao cta éng: H=1,5 (m).
e Chuan s6 Reynolds: Re = 10500.
e Puong kinh dng: d = 34x2 mm.

Bé day ong truyén nhiét: & =2 mm = 0,002 m.

L. Hiéu s6 nhiét dé trung binh giira hai Iwu thé:

t° 4 °C A
112,7 > 1127
60
20

O 1,6 at, hoi nude bido hoa ¢ t°= 112,7°C, ta chon tpe= 112,7(°C)
e Hiéu s nhiét d6 16n:

Aty =112,7 — 20 = 92,7(°C).
e Hiéu s6 nhiét do bé:

At = 112,7 — 60 =62,7(°C).
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. At 92,7 ,
e Nhan thay A_td = m ~1,48<2 ngn nhi¢t do trung binh cua hai luu thé dugc xac
(o )

92,7+62,7
dinh: Aty, = % = ———— =717(0).

Nhiét d6 trung binh cta timg luu thé 1a:
tip = 112,7 (°C)
toy, = 112,7 — 77,7 = 35(°C).
o Tai ty, = 35(°C) ndi suy theo bang 1.153 trang 171 s6 tay hoa cong 1:
Ccs2 = 1010,25J/kg.do
Cccis = 884,75 J/kg.do
— Cp=acs2.Ccsz + accia -Cecu
C, =0,35.1010,25 + 0,65.884,75 = 928,675 J/kg.do

II. Tinh nhiét lwo'ng trao déi Q
Q=G.Cy(te — o)

Trong d6: G - luu lwong hdn hop ban dau, G = 1,5 kg/s;

C, - nhiét dung riéng ctia hdn hop tai tp, = 35 °C
Vo1 Cp = 928,675 J/kg.do
Viy:Q=15.928,675. (60— 20) = 55720,5 (W)

IIL. Tinh hé sé cdp nhiét cho tirng Iwu thé

Tinh hé s6 cap nhiét cho phia hoi nwéc ngung tu theo cong thirc:

’ r
o) = 2, 04.A.4 AtlH ’ W/mz.dé
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Trong do: r - An nhiét ngung tu cua hot léy theo nhiét do hoi bao hoa, J/kg;

At; - Chénh 1éch nhiét d¢ giita nhiét do hoi d6t va nhiét d6 thanh ong truyén

nhiét, °C;
H - chiéu cao dng truyén nhiét (m) ; chon H= 1,5 m;
A - hing s6 tra theo nhiét d6 mang nuéc ngung.

. Ung v6i tyg = 112,7 °C noi suy, ta co:
r=2226,98.10% J/kg

1. Tinh l4n 1: gia st chénh l1éch nhiét d¢ giira mang va hoi biao hoala 2 °C.

a) Tinh hé s6 cAp nhiét cho phia hoi nwéc ngung tu:

e Gia stir chénh léch nhiét do At; =2 °C
— ty= tltb' Atlz 112,7- 2= 110,7 (OC)

Khi d6 ta ¢6 nhiét d§ mang nudc ngung la:

. tm);ttl _ 112,7;110,7 1117 ooy

Tur t,, = 111,7 °C tra bang ta duoc:

A =184,265

2226,98.10°
2.1,5

a; =11033,71557 W/m>.do
b) Tinh hé s6 cap nhiét phia hdn hop chay xoay a,
Chon Re = 10500

Hé s6 cap nhiét a dugce tinh theo cong thirc:
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Pr.

0,25
Nu =0,021.,.Re”® .Pro® [ﬂj

0,25
Suy ra: a, =0, 021.%.51. Re%8 pro4 (ﬂ]

Pr,

Trong do :

Pr- chuan s6 Prandtl tinh theo nhiét do trung binh cua tuong, con cac thong sb khac tinh

theo nhiét do trung binh ctia dong;

€1- h¢ sO hi¢u chinh tinh dén dnh hudng cua ty s6 gilra chiéu dai I va duong kinh d cua

ong.
Tachond=34x2 mm. H=15m.Dya vao bang 1.3 taco :

| 15
d_ 0,03 a=1

e Tinh chuén s6 Pr theo cong thirc :

C,.u

Pr=

Trong d6: C, - nhiét do riéng ctia hdn hop & ty;
i - do nhot cuia dung dich & tyy;

A - hé sb dan nhiét d & tyy, tinh theo cong thirc:
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’p
A :g.Cp.p.3 M

Trong do: p - khéi lwong riéng cua hdn hop, kg/m?;
M - khéi luong phan tir ciia hdn hop, kg/kmol;
Taco: C,=928,675 J/Kg. do

& - hé s6 phu thudc muc do lién két cua chit 1ong, voi chat 1ong khong tan 13n ( dung

dich CS,- CCly ) thi € g pop = 4,22.10°

e Tai ty, = 35 °C ndi suy ta co :

pcsz = 1240,5 kg/m®

pcci = 1565,5 kg/m?®

(0,35 .\ 0,65
- 1240,5 1565,5

-1
j =1434,01(kg / m°)

e He¢ s6 dan nhiét ctia hon hop 1a:

A=4,22.107°.928,675.1434,01.3 1434,01
126,63

2=0,126 W/m.d¢

Tai toy, = 35 °C ta co:
Hesy = 0,3045.10° Ns/m?
tcci = 0,79.107% Ns/m?

— 1g(pnn) = Xedg(pes2) + (1 —Xe ).Ig(peca)

lg(unn) = 0,211g(0,3045.10°%) + (1 — 0,21).1g(0,79.10°®)
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— = 0,6467.10° (Ns/m?)

C,.u 928,675.0,6467.10°

=4,766
A 0,126

Do do: Pr=

e Tinh chuan so Pr;:

Pr — Cpt ':uhh

A

Nhiét tai riéng vé phia hoi ngung ty:
1 = o1.At; =11033,71557 . 2
i = 22067,43(W/m?)

Hiéu s6 nhiét do ¢ hai phia thanh dng:
Aty =ty — tp = Q1.0 1t

Trong do: t, - nhiét d6 thanh éng phia hdn hop, °C;

>'r¢ - nhiét tré ¢ hai bén ng truyén nhiét, m%.°C /W

dr=r, S
t t1 ﬂ, 12

Trong do: 1y, I, - nhiét trd cia can ban & hai phia cua tuong, mz.d(f)/W;
S - bé day cua 6ng truyén nhiét, (m); chon 6 =2 mm = 0,002 m;
A - hé s6 dan nhiét caa vat liéu 1am 6ng, W/m.do; véi thép CT, ta co
A=46,5 W/m.do.
Duya vao bang [ 3.4 ] ta chon:
ra = 1,16.10° , m’.do/W
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ro = 0,464.10° , m?.do/W

D r=116.10" 42902, 6 464.10°
46,5

1= 1,667.10° (M2.do/W)
Do do: At = q.3r= 22067,43 . 1,667.10° = 36,787 (°C)
— tp=ty— At = (112,7 - 2) — 36,787 = 73,913 (°C)
Ay = tio — to = 73,913- 35 = 38,913 (°C)
Tai tp = 73,913 °C ndi suy ta co:
Ccs = 1035,435 J/kg.do
Ccen = 938,696)/kg.do
— Cp = 0,35.1035,435 + 0,65.938,696
Cp = 972,555 (J/kg.d9)
Tai t, = 73,913 °C ndi suy ta co:
pcs2 = 1175,652 kg/m®

Pccla = 1485 kg/m3

0,35 0,65
S P = +
1175,652 1485

Tai tp = 73,913 °C ndi suy ta co:
Hese = 0,2222.10° Ns/m?

tees = 0,5079.10°° Ns/m?

— lg(pnn) = Xelg(pm) + (1= X¢ ).Ig(u)

Nguyén Quang Hung
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le(un) = 0,21.19(0,2222.10°) + (1 - 0,21).19(0,5079.10°%)

— = 0,427.10°° (Ns/m?)

Ta dugc: A= g.Cpt o P
M
J, =4,22.10°%.972,555.1359, 772, o [ 12
126,63

A = 0,123(W/m2.°C)

Pl" _Cpt'll'lhh
P =
4
-3
Py — 972,555.0,427.10 3376

' 0,123

Vay: Pr,
t

0,25
a, =0, 021.%.5 .Re%® pro® [ﬂ]

a, =0,021. %.1.105000’8.4, 7660’43.(

4,766 %
3.376

ap = 302,69 (W/m?.do)
— o= ap.At, = 302,69. 38,913
0. = 11778,594 (W/m?)

O day ta thiy ring nhiét tai riéng vé phia hoi ngung tu q,= 22067,43 W/m? khéc rit xa voi nhiét tai
riéng vé phia hdn hop chay xody q,= 11778,594 W/m?. Ma bai toan ta dang xét 14 truyén nhiét 6n dinh

Nén ;= 4p= Q, do vay, dé tim gid tri qy, ta phai tinh Lp.
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2. Tinh lan2: Gia st chénh léch nhiét do giira mang va hoi bao hoa la 0,8°C

a) Tinh hé s6 cAp nhiét cho phia hoi nwéc ngung tu:

e Gia str chénh léch nhiét d6 At; = 0,8 °C
s ty= by Aty= 112,7- 0,8= 111,9(°C)

Khi d6 ta ¢6 nhiét dd mang nudc ngung la:

_twtty 112741119

=112,3 (°
T tm = 112,3°C tra bang ta duoc:
A =184,535
2226,98.10°
Ay - a, =2,04.184,535.4 :
Vay: ™ \/ 0,8.15

oy =13894,4924 W/m2.d6
b) Tinh hé s6 cap nhiét phia hdn hop chiy xoay a,

Chon Re = 10500
Nhiét tai riéng vé phia hoi ngung tu:

01 = as.At, =13894,4924 . 0,8

. = 11115,5939(W/m?)
Hiéu s6 nhiét do & hai phia thanh dng:

Aty =ty —tp = Q1.2 1
Taco 1= 1,667.10° (m2.d6/W)
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Do db: At = qu.3r= 111155939 . 1,667.10°3 = 18,53 (°C)
S tp=ty— At = (112,7—0,8)— 18,53 = 93,37 (°C)
Ap =t — by = 93,37- 35 = 58,37 (°C)
Tai t, = 93,37 °C ndi suy ta co:
Ccs2 = 1050,03 J/kg.do
Cccis = 966,06/kg.do
— Cp = 0,35.1050,03 + 0,65.966,06

Cpt = 995,45(1/kg.do)

Tai tp = 93,37 °C ndi suy ta co:
pcsy = 1138,26 kg/m®

pcci = 1446,27 kg/m®

0,35 0,65
P = +
1138,26 1446,27

-1
j =1321,16(kg / m®)
Tai tp, = 93,37 °C ndi suy ta co:
Hesy = 0,1966.10° Ns/m?
Hec = 0,4152.10° Ns/m?
— lg(tnn) = Xe.1g(pm) + (1 —Xr).1g(un)

lg(pnn) = 0,21.19(0,1966.107%) + (1 — 0,21).1g(0,4152.10°%)

— pn = 0,355.10°° (Ns/m?)
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,p

Ta duoc: A = E.Cpt o Mt
4, =4,22.10°.995,45.1321,16 3 -0
126,63

A = 0,121(W/m2.°C)

Coithm 1, _ 995,45.0,355.10°

P = ' 0,121
A ,

=2,920

0,25
Vay: = 0,021.%.5 .Re®® Pro® (ﬂ]

Pr.

a, =0, 021.% .1.10500°° 4, 7660'43.(

4,766 "%
2,920

ap = 308,77 (W/m?.dd)
— = ap.At, = 308,77. 58,37 —» q, = 18022,9049 (W/m?)

Dua vao 2 lan tinh, ta ¢6 d6 thi:
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3. Tinh lan 3: Chénh léch nhiét d6 gitta mang va hoi bao hoa tinh theo do thi trén la 1,23 °C.

a) Tinh hé so cAp nhiét cho phia hoi nwéc ngung tu:
Dua vao d6 thi ta suy ra dugc At; = 1,23 °C vay ta c6:
ty = typ- At;=112,7- 1,23 =111,47 (°C)
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ety 1127411147
"2

—~112,085 (°C)

— Tur t, = 112,085 °C tra bang ta duoc:

A =184,438

2226,98.10°
1,23.1,5

oy =12471,267 (W/m?.dd)
b) Tinh hé s6 cap nhiét phia hdn hop chaiy xoay a,
Nhiét tai riéng vé phia hoi ngung tu:
01 = ag.At; = 12471,267.1,23= 15339,658 (W/m?)
Hiéu s6 nhiét do & hai phia thanh éng:
Aty = ty —tp = q1.Y 1= 15339,658.1,667.10°
At,= 25,57 (°C)
to =ty — At,=111,47 — 25,57 = 85,9 (°C)
Aty =t — toy, = 85,9 — 35 = 50,9 (°C)
Tai t, =85,9 °C ndi suy ta co:
Ccs2 = 1044,425 J/kg.do
Cccis = 954,85 J/kg.do
—  Cp = 0,35.1044,425 + 0,65.965,85
Cpot = 993,35 (J/kg.do)
Tai t, = 85,9 °C ndi suy ta co:
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Pcs2 = 1153,2 kg/m3

pccia = 1460,085kg/m®

( 0,35 0,65
L P =

-1
+ =1335,679(kg / m°)
1153,2 1460,085

Tai t, = 85,9 °C ndi suy ta co:
Hesz = 0,2041.10° Ns/m?
tec = 0,4469.107 Ns/m?
— lg(unn) = Xedg(um) + (1 —X¢).1g(un)
lg(unn) = 0,21.19(0,2041.10°%) + (1 - 0,21).19(0,4469.10°%)

— = 0,394.10°° (Ns/m?)

,1335 679
- A =4,22.10"°.993,35.1335,679.3—————
Ta duoc: 4 126,63

= 0,1228 (W/m.do)

o
Ta co Pr, =—& al
-3
br = 993,35.0,304.10° _ -, -
01228
01228 4,766 %
Viv: a, =0 021.2=%2% 10500°8 4, 766%43 | 222
24 ? , 3,187

a, = 306,582 (W/m?>.do)
— q2 = 02.At, = 306,582 . 50,9

0, = 15605,039 (W/m?)
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Duya trén s0 li¢u tinh toan ta c6 bang so li¢u:

Ow = 15472,348 W/m?

Kiém tra sai sO

Nguyén Quang Hung
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S5 Nhiét tr¢ va hiéu so
Phia hoi nuoc ngung tu

Ion nhiét do
tinh

tip ty Aty |ty 0y o[} 2Tt Aty
1 112,7 1 110,7 |2 1117 11033,7156 | 22067,43 1,667.10° | 36,787
2 112,7 11119 |0,8 112,3 13894,4294 | 111155939 |1,667.10° | 18,53
3 112,7 | 111,47 | 1,23 | 112,085 | 12471,267 | 15339,658 1,667.10° | 25,57
So Phia hén hop chay xody
lan
tinh | te tot Aty Pr (PriPr)°® | ap 02
1 73,913 35 38,913 3,376 1,09 302,69 11778,594
2 93,37 35 58,37 2,920 1,13 308,77 18022,9049
3 85,9 35 50,9 3,187 1,11 306,582 | 15605,039

T trén ta co:
g, +0, 15339,658+15605,039
W= T 2
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o q, -0, 1009 = 15605, 039 -15339, 658 1009
g, 15339, 658

£=173%<10% (chip nhan)

IV. Tinh bé mdt truyén nhiét.
Q _ 55720,5 _ 3,6(m2)
Q, 15472,348

V. S6 ng truyén nhiét.
d - d, 42—dn _ O,O3+20,034 _0, 032(m)

S6 ong truyén nhiét:

__F 3,6 ~
7dH 314.0,032.15

n: s6 6ng truyén nhiét.

Duya bang quy chuén va chon téng s6 dng vdi cach sap xép theo hinh lyc giac 14 :
n=37(ong).

e SO Ong trén mot canh ciia hinh 6 canh 16n 1a: 4 ( 6ng ).

e S bng trén duong xuyén tdm cta hinh 6 canh 1a: 7 ( 6ng).

e Tong s dng khong ké cac dng trong cac hinh vién phén 1a: 37( éng).

VI. Pworng kinh trong thiét bi dun néng
D=t(b-1)+4d, m

Trong d6 : t — bude dng, thuong lay t=1,2—-1,5d, ;

d, — duong kinh ngoai cta Ong truyén nhiét, m;
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b — s6 6ng trén dudng xuyén tim sau canh.
Vay: D=1,4.0,034.(7-1) +4.0,032

D= 0,414 (m)
Lam tron: D =0,4 m = 400 mm.

VIL. Tinh chiéu cao ctia thiét bi.

Vi D =400 mm,chon nép thiét bi hinh elip co6 go, tra bang s6 liéu ta chon:
Chiéu cao cua lip thiét bi: h;=h,+h
Trong d6 dua bang s6 liéu ta c6: hy = 100 mm.
h=25mm
Vay chiéu cao cua thiét bi:
L=H+2h =1,5.1000 + 2.( 100 + 25) = 1750 mm

VIIL. Tinh lai vdn téc chia ngan:

e XA&c dinh vén toc thwe:

4.G

“= rd’n.p
G =1,5(kgls)

n =37 6ng

d=0,03m

p = 826,015 kg/m®

1,5.4
W, = >
3,14.0,03°.1434,01.37

oy = 0.04 (m/s)

e Xac dinh van tdc gia thiét:
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_Re. 10500.0,6467.10°
dp  0,03.1434,01

Wy

g = 0,158 (M/s)

WOy — .100% :M:74,68% >5%

Vi 0,158

WOy

Nén ta can phai chia ngan dé qua trinh cap nhi¢t & ché do xody.

e SO ngan:
, . , _ a)gt _ 0, 158
S6 ngan can thiét: o, 0,04

m = 3,95 (ngan )
Quy chuan m =4 ( ngin ).

e Tinh lai chuan sé Reynolds:

Re = 46 _ 415 =10647,7 >10*.

rd.an.u 3,14_0,03,3”47.0,6467.10‘3

e Luong hoi can thiét cp cho qua trinh:

Tai nhiét d6 t = 112,7°C ta c6:
I, = 2703.10% (J/kg )
i, = 473,1.10% (J/kg)
Q=D.(li—i1)
D: lugng hoi bio hoa can thiét

Q 55720,5
D= = —0,025(k
(i) (2703.10°-473,1.10°) (k)

Vay cac kich thuéc caa thiét bi dun néng hdn hop dau la:
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F = 3,6 (M?) — bé mat truyén nhiét;

n =37 ( 6ng ) — s 6ng truyén nhiét;

D =400 (mm) — dudng kinh ciia thiét bi;

H = 1750 (mm ) — chiéu cao giira hai mit bich.

D = 0,025 ( kg ) — luong hoi bio hoa cip cho qua trinh.
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